Using the recently discussed quantum dynamics in phase space, we derive a master equation, starting from the phase-space equivalent to the Schrodinger equation of motion for the density operator. Use is made of Zwanzig s projection-operator techniques and some explicit realizations of the projection operators are given. The master equation is then applied to show that the time-correlation functions, as defined in the text, satisfy an integral equation of the Volterra type. Next, a master equation for a system interacting with a large system is derived. As an illustration, we determine the lowest-order Born approximation and carry out a short-memory-approximation calculation for an oscillator coupled to a reservoir and for a two-level system interacting with an oscillator heat bath; we obtain equations of the Fokker-Planck type. Some physical implications of these equations are also discussed.
We also consider the interaction of the system with another (large) system which acts as a heat bath. Again using Zwanzig s project. ion-operator technique, we obtain a master equation for the phase-space distribution function'~of the system of interest. In our analysis the bath and the system are assumed to form an isolated system described by the equivalent of a quantummechanical density-operator equation in phase space.
We only assume that at some initial time the bath and the system are statistically independent and that the bath is in thermal equilibrium. Subject to these assumptions, the equation so derived is exact.
In Sec. 5, we consider the application of the formalism to two systems, namely, a harmonic oscillator and a two-level system interacting with a heat bath which consists of harmonic oscillators. We carry out the Bornapproximation calculation and also make use of the R. W. Zwanzig, in Lectures Pc(P) -F,(0) = iZC(P) . -Next we multiply (2.11) by n& and by (1 -n'), respectively, and obtain the equations
Equation (2.13) can be rearranged to give
If we substitute (2.14) in (2.12), we obtain the equation It is easily verified from series expansion that
One also has Let F(z, z*, (za), {zii*), t) be the distribution of function for the total system (S+E) and let Fz(z, z*, t) be the distribution function of the system S alone. Then
Fz(z, z*, t) is obtained froin F(z, z*, {zip),(zii*),t) by integration over the reservoir variables (zip), i.e. ,
where Fii({zii),(zii*)) is the initial thermal-equilibrium distribution function for the reservoir. It is then evident that for this system the projection operator 6' is given by (cf. Ref.
(4.5) .24) is given by
where
where the kernel is given by The density operator in the interaction picture satisfies the following equation:
On substituting (4.26) in (4.23) and making use of
In all the applications which we will encounter below, the condition (4.29) will be satisfied. Rev. 145, 93 (1966) j to study Brownian motion.
" B. R. Mollow, Phys. Rev. 168, 1896 (1968 (](t))=0, (((t)](t'))=0, (5.21) ««)~* (t')) = 2-h(-)g (-)("(-)»«-t'). (5 22) Let us finally obtain an equation satisfied by the diagonal matrix elements p""ofthe density operator.
One can readily show that" 
N««h«p. (0) is the Bose-Einstein distribution for one cell of phase space. Under the initial condition (A6b), the solution of (A5) can be shown to be 
where n represents initial average number of photons.
Then the solution of (A5), subject to initial condition (A10b), is
where b= 2zrh(zo)g'(zo), P (l) = p, (l) .
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